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We have studied the rapidity-odd directed flow in 197Au+197Au collisions in the beam energy
range from
√
sNN = 7.7 to 39 GeV within the framework of an extended multiphase transport
model with both partonic and hadronic mean-field potentials incorporated. Effects of the partonic
scatterings, mean-field potentials, hadronization, and hadronic evolution on the directed flow are
investigated, and it is found that the final directed flow is mostly sensitive to the partonic scatterings
and the hadronization mechanism. Our study shows that a negative slope of the proton directed
flow does not necessarily need the equation of state with a first-order phase transition.
PACS numbers: 25.75.-q, 25.75.Ld, 24.10.Lx
I. INTRODUCTION
Understanding the properties of the quark-gluon
plasma as well as the hadron-quark phase transition is
one of the main purposes of relativistic heavy-ion col-
lision experiments. The directed flow v1, especially its
rapidity-odd component to be discussed in the present
study, is an important probe characterizing the dynamics
in these collisions. Both hydrodynamic [1] and transport
model [2] studies have shown that the baryon v1(y) in the
midrapidity region (y ∼ 0) is sensitive to the equation of
state (EoS) of the produced matter. With the increasing
collision energies, these calculations predicted that the
slope of v1(y) near midrapidity region changes from pos-
itive to negative [3–5], and argued that this is the result
of a soft EoS due to the first-order hadron-quark phase
transition. The recent directed flow results from RHIC
beam energy scan (BES) program [6, 7] seem to support
this argument, where the slope of the proton directed flow
changes sign from positive to negative between
√
sNN =
7.7 and 11.5 GeV, while the slope of the net proton di-
rected flow changes sign twice between
√
sNN = 11.5 and
39 GeV, and has a minimum between
√
sNN = 11.5 and
19.6 GeV. Considerable efforts have been devoted to this
topic with various approaches, e.g., a hybrid approach
with the fluid dynamics model for the partonic phase
and the ultra-relativistic quantum molecular dynamics
model for the hadronic phase [8], the parton-hadron-
string-dynamics model and a 3-fluid hydrodynamics ap-
proach [9], and a pure hadronic transport approach but
with the collision term modified to mimic the softness of
the EoS [10]. However, none of them have described the
experimental data of the directed flow at various collision
energies very satisfactorily.
Obviously, so far the studies have shown that the re-
lation between the v1(y) slope and the EoS is not as
simple as expected, and the former is also sensitive to
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other factors, which needs to be further investigated in
detail before a definite conclusion can be drawn. For this
purpose, we investigate the directed flow in relativistic
heavy-ion collisions based on the framework of an ex-
tended multiphase transport (AMPT) model [11], which
was developed from the original AMPT model [12] by
incorporating the partonic mean-field potential based on
the 3-flavor Nambu-Jona-Lasinio (NJL) model [13, 14]
and the hadronic mean-field potential based the relativis-
tic mean-field model and the chiral effective field the-
ory [15]. This model has been used to study the ellip-
tic flow splitting between particles and their antiparti-
cles due to their different mean-field potentials [11, 14],
and thus it is of great interest to see how the mean-field
potentials affect their directed flows. Furthermore, this
model provides the possibility to investigate in detail the
effects from the partonic scatterings, hadronization, and
the hadronic interaction on the directed flow. We found
that the mean-field potential, which is related to the EoS
through the energy density functional, has only moderate
effect on the directed flow, while the partonic scatterings
and the hadronization mechanism dominate the final di-
rected flow.
The rest of the paper is organized as follows. Sec-
tion II provides a brief description of the structure of the
extended AMPT model. The detailed analysis and dis-
cussions of the directed flow results are given in Sec. III.
A summary and final remark is given in Sec. IV.
II. AN EXTENDED AMPT MODEL
The initial momentum distribution of partons in the
extended AMPT model is generated by melting hadrons
from the heavy-ion jet interaction generator (HIJING)
model [16], while the spatial distribution of these partons
are modified since they are expected to be more expanded
in the beam direction at the RHIC-BES energies, com-
pared to the treatment in the original AMPT model for
ultra-relativistic heavy-ion collisions. Similar to Ref. [17],
we sample the longitudinal coordinate of initial partons
uniformly within (−lmN/√sNN , lmN/√sNN), where l =
214 fm is approximately the diameter of the Au nucleus,
and mN = 0.938 GeV is the nucleon mass. A more real-
istic treatment of the finite thickness effect can be found
in Ref. [18]. The evolution of the partonic phase is de-
scribed by a 3-flavor NJL transport model, with a La-
grangian given by [13, 14]
LNJL = q¯(i 6 ∂ −M)q + GS
2
8∑
a=0
[
(q¯λaq)2 + (q¯iγ5λ
aq)2
]
− GV
2
8∑
a=0
[
(q¯γµλ
aq)2 + (q¯γµγ5λ
aq)2
]
− K
[
detf
(
q¯(1 + γ5)q
)
+ detf
(
q¯(1− γ5)q
)]
,(1)
where q = (u, d, s)T is the quark fields, M =
diag(mu,md,ms) is the current quark mass matrix in fla-
vor space, and λa is the Gell-Mann matrices in SU(3) fla-
vor space with λ0 =
√
2/3I. GS and GV are the strength
of the scalar and vector coupling, respectively. The last
term in Eq. (1), with detf denoting the determinant
in the flavor space, is the Kobayashi-Maskawa-t’Hooft
(KMT) interaction [19]. In the present study, we employ
the parameters of the current quark massmu = md = 3.6
MeV and ms = 87 MeV, and the values of coupling con-
stants GS and K from GSΛ
2 = 3.6 and KΛ5 = 8.9,
with the cutoff value in the momentum integral Λ = 750
MeV given in Refs. [20, 21]. As in the previous studies,
we define RV = GV /GS as the relative strength of the
vector coupling. From the mean-field approximation and
some algebras based on the finite-temperature field the-
ory, we can extract the single-quark Hamiltonian and the
thermodynamic properties of quark matter (see more de-
tails in APPENDIX A). The scalar mean-field potential
enlarges the in-medium quark mass through the quark
condensate, and it is the same for quarks and antiquarks
and attractive in the non-relativistic reduction. The time
component of the vector potential for positiveGV value is
repulsive for quarks and attractive for antiquarks, while
its space component has the opposite effect. A constant
and isotropic cross section of 3 mb is used for the parton
elastic scattering process, and it is the same for all kinds
of partons. The test-particle method [22, 23] is used to
calculate the average phase-space distribution function
and thus the mean-field potential, from averaging over
parallel events at the same impact parameter. A mix-
event spatial coalescence algorithm is used to describe the
hadronization, which allows quarks and antiquarks in one
event to coalesce with nearest quarks or antiquarks from
all parallel events at the end of the partonic phase, when
the central energy density becomes lower than about 0.8
GeV/fm3. Combinations from three nearest quarks (anti-
quarks) are chosen to form baryons (antibaryons), before
nearest quark and antiquark pairs from the rest partons
are chosen to form mesons, and the species of formed
hadrons are determined by both the flavors and the in-
variant mass of their valence quarks and/or antiquarks.
The hadronization scheme produces not only ground-
state hadrons but also excited-state resonances with a
finite mass width. For more details about the hadron
production in the AMPT model, we refer the reader to
Ref. [12]. An additional formation time of about 0.7
fm/c is used for all hadrons. After the formation of ini-
tial hadrons, a relativistic transport model (ART) [24]
with various elastic, inelastic, and decay channels is used
to describe the evolution of the hadronic phase, where
the mean-field potentials for hadrons are further imple-
mented [15]. The mean-field potentials for nucleons and
antinucleons are from the relativistic mean-field theory
based on G-parity invariance [25]. The mean-field poten-
tials for kaons and antikaons are from the chiral effective
Lagrangian [26]. The s-wave mean-field potentials for
pions are from the chiral perturbation theory up to the
two-loop order [27]. For more details about this model,
we refer the reader to Ref. [11].
III. RESULTS AND ANALYSIS
In the present study, we employ the extended multi-
phase transport model to investigate the directed flow in
midcentral (c = 10− 40%) 197Au+197Au collisions at the
typical RHIC-BES energies, i.e.,
√
sNN = 7.7, 11.5, 19.6,
27, and 39 GeV. With the total inelastic cross section
σin of about 705 fm
2 for Au+Au collisions, the corre-
sponding impact parameters are about b = 4.7− 9.5 fm,
from the empirical relation c = πb2/σin [28]. From the
analysis in APPENDIX A, the partonic phase doesn’t
pass through the spinodal region, which corresponds to
the softening of the EOS, at the above collision energies
from the parameterization of the NJL model. From the
description of the hadronization process in Sec.II, there is
no hadron-quark mixed phase, and thus no softness of the
EoS during the phase transition, either. In the following
analysis, the directed flow is calculated by averaging the
azimuthal angle φ of particle momenta with respect to
the theoretical reaction plane, i.e., v1 = 〈cos(φ)〉.
A. Directed flow in the partonic phase
To begin with the discussion on the directed flow in
the partonic phase, we first show the directed flow of
quarks and antiquarks in midcentral Au+Au collisions at√
sNN = 7.7 and 39 GeV at different time steps in Fig. 1,
with the parton scattering cross section 3 mb together the
scalar potential but without the vector potential. In the
early stage of t = 0.5 fm/c, the v1 slopes of quarks and
antiquarks at midrapidities at both collision energies are
small positive values. As the system evolves, the slope
of the directed flow at
√
sNN = 39 GeV changes sign at
around 1.5 fm/c and then becomes saturated, while the
slope at
√
sNN = 7.7 GeV keeps growing to a maximum
positive value. The behavior of the directed flow at 39
GeV is similar to that observed in Ref. [29], where the
v1 slope at midrapidities keeps going negative and then
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FIG. 1: (Color online) Directed flow v1 of quarks [(a), (c)]
and antiquarks [(b), (d)] versus rapidity y at different times
in midcentral Au+Au collisions at
√
sNN = 7.7 [(a), (b)] and
39 GeV [(c), (d)]. Note the different scales for v1 at 7.7 and
39 GeV.
saturates in the later stage at 39 GeV due to repulsive
partonic scatterings in the absence of the mean-field po-
tential. This behavior is due to the transfer of partons
among different rapidity regions [29], i.e., partons con-
tributing to the positive flow are scattered to large ra-
pidities and only those contributing to the negative flow
stay at midrapidities. At 7.7 GeV, the scatterings are not
strong enough for the parton transfer among different ra-
pidity regions due to the lower parton density/pressure,
and the slope of the directed flow keeps going positive.
Here we have already observed that the directed flow of
partons changes sign with the increasing collision energy
without a first-order phase transition. The final parton
directed flow is not expected to change by much if we
vary the criterion for the end of the partonic evolution,
since it is mostly saturated around t = 2.5 fm/c.
From our argument above, the partonic scatterings are
important in determining the v1 slope of freeze-out par-
tons. Figure 2 displays the directed flow of final quarks
and antiquarks from the parton scattering cross sections
of 1, 3, and 10 mb together with the scalar potential
but in the absence of the vector potential. A larger par-
ton scattering cross section is expected to enhance the
interaction in both the early stage and the later stage,
depending on the parton number density. It is seen that
the slope of the directed flow becomes more positive at
7.7 GeV but more negative at 39 GeV from a larger par-
ton scattering cross section. At 39 GeV, it is interesting
to see that a small cross section of 1 mb leads to a positive
slope of v1, while a larger cross section leads to a neg-
ative slope. The partonic scatterings thus dominate the
directed flow of final partons, or even change the slope
sign especially at higher collision energies. In addition,
the stronger interaction from partonic scatterings reveals
more explicitly the difference in the initial phase-space
distributions between quarks and antiquarks, and thus
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FIG. 2: (Color online) Directed flow v1 of freeze-out quarks
[(a), (c)] and antiquarks [(b), (d)] versus rapidity y from the
parton scattering cross sections of σ = 1, 3, and 10 mb in
midcentral Au+Au collisions at
√
sNN = 7.7 [(a), (b)] and 39
GeV [(c), (d)]. Note the different scales for v1 at 7.7 and 39
GeV.
their final directed flows.
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FIG. 3: (Color online) Directed flow v1 of freeze-out quarks
[(a), (c)] and antiquarks [(b), (d)] versus rapidity y from only
partonic scatterings (cascade), partonic scatterings together
with the scalar potential (scalar), and partonic scatterings to-
gether with both scalar and vector potentials (scalar+vector)
in midcentral Au+Au collisions at
√
sNN = 7.7 [(a), (c)] and
39 GeV [(b), (d)]. Note the different scales for v1 at 7.7 and
39 GeV.
In order to understand the effects of the mean-field
potential on the parton directed flow, we display in Fig. 3
the directed flow of final quarks and antiquarks with only
partonic scatterings, partonic scatterings together with
the scalar potential, and partonic scatterings together
with both scalar and vector potentials with RV = 1.1 at√
sNN = 7.7 GeV and 39 GeV. It is found that neither
the scalar potential nor the vector potential changes the
slope sign of parton v1, and this shows that the mean-
field potential has only moderate effects on the parton
directed flow. It is also seen that the scalar and the vector
4potential have different effects on the directed flows of
quarks and antiquarks. The attractive scalar potential
leads to less negative slope of the directed flow for both
quarks and antiquarks at 39 GeV. At 7.7 GeV, it has
small effects on the directed flow of quarks, but somehow
enhances the directed flow of antiquarks, likely due to
the enhancement of the scatterings. It is seen that the
vector potential has a larger effect on the directed flow
at 39 GeV than at 7.7 GeV, and the effect can be seen
at large rapidities for quarks and in the whole rapidity
region for antiquarks. Note that the scalar potential and
the time component of the vector potential related to the
quark number density are stronger in the early stage but
weaker in the later stage, while the space component of
the vector potential related to the quark flux density is
expected to be weaker in the early stage but stronger
in the later stage. The results displayed here show that
there are interplays between effects from the mean-field
potentials and partonic scatterings, and the effect of the
mean-field potential on the directed flow is different from
that on the elliptic flow [11, 14] due to their different
dynamic mechanisms.
B. Directed flow in the hadronic phase
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FIG. 4: (Color online) Directed flow v1 of final partons and
initial protons as well as initial antiprotons from the mix-event
spatial coalescence approach in the extended AMPT model
(r coal) and the dynamical coalescence approach (dyn coal)
versus rapidity y in midcentral Au+Au collisions at
√
sNN =
7.7 [(a), (b)] and 39 GeV [(c), (d)]. Note the different scales
for v1 at 7.7 and 39 GeV.
The directed flow of final partons discussed in previous
subsections will be further modified in the hadronization
process and the hadronic evolution, and this has been in-
vestigated in our previous study [29] in the absence of the
mean-field potential. Based on the framework of the ex-
tended AMPT model, we compared the directed flows of
initial protons and antiprotons from the mix-event spatial
coalescence approach as in the extended AMPT model
and a dynamical coalescence approach [30, 31] in Fig. 4.
In the dynamical coalescence approach, the probability to
form a hadron is proportional to the quark Wigner func-
tion of that hadron, and partons that are close in phase
space, i.e., both coordinate and momentum space, have
a larger probability to form hadrons. The dynamical co-
alescence approach has been successfully used to explain
reasonable well spectra and elliptic flows of hadrons [30].
In the mix-event spatial coalescence approach as em-
ployed in the extended AMPTmodel, hadrons are formed
by nearest combinations of partons in coordinate space in
parallel events, and all the partons are force to be used up
after hadronization. The difference of the directed flows
for protons and antiprotons from the two hadronization
approaches is observed, especially for protons at 39 GeV
where different slope signs are obtained. As discussed in
detail in Ref. [29], a pure coalescence in momentum space
always keeps the slope sign of the directed flow from final
partons to initial hadrons, while there are competition
effect from the coalescence in coordinate space, and this
depends on the phase-space distribution in the freeze-
out stage of the partonic evolution. With the Gaussian
width of the Wigner function fitted by the root-mean-
square radius of the hadron, the dynamical coalescence
approach is expected to describe more properly the com-
petition effect of the coalescence in both the coordinate
and momentum space. Our finding that the hadron di-
rected flow is sensitive to the hadronization scenario is
consistent with that in Ref. [8]. So far the dynamical co-
alescence approach is limited to the study of the directed
flow of initial hadrons without further hadronic evolu-
tion. Incorporations of a more realistic hadronization
criterion together with a proper hadronization scenario
in the transport model need further investigations to give
unambiguous results.
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FIG. 5: (Color online) Directed flow v1 of final partons as well
as initial and final protons and antiprotons versus rapidity y
in midcentral Au+Au collisions at
√
sNN = 7.7, 11.5, 19.6,
27, and 39 GeV.
The directed flows of final partons as well as the ini-
tial and final protons and antiprotons from the mix-event
spatial coalescence and the hadronic evolution in midcen-
tral Au+Au collisions at
√
sNN = 7.7, 11.5, 19.6, 27, and
39 GeV are compared in Fig. 5, where the solid lines are
5from a cubic fit of the rapidity dependence of the final
directed flow, i.e., v1(y) = F1y + F3y
3. From the spa-
tial coalescence approach, the v1 slopes of initial protons
are positive at all energies, although the directed flows of
final quarks have negative slopes at higher collision en-
ergies. On the other hand, the hadronic evolution with
the hadronic mean-field potentials properly incorporated
only slightly enhances the magnitude the directed flow,
no matter whether its slope is positive or negative.
0 10 20 30 40
-15
-10
-5
0
5
10
0 10 20 30 40 50
 p (exp)
 p (exp)
 net p (exp)
 p 
 p 
 net p
dv
1/d
y|
y=
0(
%
)
 sNN(GeV)
(a) RV = 0 RV = 1.1
(b)
 p (dyn coal)
 p (dyn coal)
FIG. 6: (Color online) Directed flow slope dv1/dy|y=0 of pro-
tons, antiprotons, and net protons versus collisions energy in
midcentral Au+Au collisions with RV = 0 (a) and RV = 1.1
(b). Results of star symbols are experimental data measured
by the STAR Collaboration [6], and the lines are the directed
flow slope from the dynamical coalescence approach.
We summarize the energy dependence of the directed
flow slopes at midrapidities for protons and antiprotons
in Fig. 6, and the experimental results from the STAR
Collaboration [6] are also plotted in the same figure.
From the spatial coalescence at higher collision energies,
the proton directed flows always have a positive slope,
although the slope of freeze-out quark v1 is negative at
higher collision energies, as can be seen from Figs. 4 and
5. The slope of the antiproton directed flow is positive at
lower collision energies but rather negative at higher col-
lision energies. From a dynamical coalescence approach
but in the absence of the hadronic evolution, the directed
flows of both protons and antiprotons have a positive
slope at lower collision energies but a negative slope at
higher collision energies, reflecting the v1 slope of quarks
and antiquarks in the final stage of the partonic phase.
The hadronic evolution after the hadronization described
by the dynamical coalescence approach, if properly in-
corporated, is expected to modify slightly the magnitude
but not change the slope sign of the directed flow. Re-
sults with the vector potential (RV = 1.1) show a similar
behavior from the spatial coalescence approach, while it
changes the relative slope of proton and antiproton v1
from the dynamical coalescence approach. In order to
obtain a negative v1 slope of protons or net protons, the
coalescence in momentum space, such as that in the dy-
namical coalescence approach, should be taken into ac-
count, while the EoS with a first-order phase transition
is not necessarily needed.
IV. SUMMARY
We have studied in detail the effects of partonic scat-
terings as well as the mean-filed potential, hadronization,
and hadronic evolution on the directed flow in relativistic
heavy-ion collisions within the framework of the extended
multiphase transport model. As the system evolves, a
non-monotonic behavior of the directed flow is observed
at higher collision energies, as a result the later dynam-
ics which changes the slope sign of the directed flow from
positive to negative at midrapidity region. The final di-
rected flow of partons, particularly the sign of its slope
at midrapidities, is dominated by the partonic scatter-
ings especially at higher collision energies. The mean-
field potentials in the partonic phase, which can be at-
tractive or repulsive, have only moderate effects on the
parton directed flow. The hadron directed flow is signif-
icantly affected by the hadronization mechanism, while
it is only slightly affected by the hadronic evolution with
the mean-field potentials for hadrons incorporated.
Based on this study, we found that a large parton scat-
tering cross section and a coalescence approach in mo-
mentum space may result in a negative slope of the final
directed flow. Although the EoS with a first-order phase
transition may lead to a negative slope of the directed
flow, the present study shows that the negative slope of
the directed flow does not necessarily need the softness of
the EoS. Before drawing a conclusion on the EoS and the
order of the hadron-quark phase transition from the ex-
perimental data, deeper understandings on various stages
in relativistic heavy-ion collisions are needed.
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APPENDIX A. FORMULISM OF THE NJL
MODEL
The single-particle Hamiltonian for quarks (anti-
quarks) with flavor i (i = u, d, s) from the NJL La-
grangian [Eq. (1)] is written as [32]
Hi =
√
M2i + p
∗2 ± 2
3
GV ρ
0, (A.1)
6where Mi is the quark constituent mass, ~p∗ = ~p∓ 23GV ~ρ
is the real momentum of the particle with ~ρ being the
space component of the vector density, and ρ0 is the time
component of the vector density. The upper (lower) sign
in the above equations are for quarks (antiquarks). The
quark constituent mass Mi is given by the gap equation
as
Mi = mi − 2GSσi + 2Kσjσk, (A.2)
where σi is the quark condensate expressed as
σi = −2Nc
∫ Λ
0
d3p
(2π)3
Mi
Ei
(1− fi − f¯i), (A.3)
where the factor 2Nc represents the spin and color de-
generacy, Ei =
√
p∗2 +M2i is the quark energy, and fi
and f¯i are respectively the phase-space distributions of
quarks and antiquarks. They can be obtained by count-
ing parton numbers in the local phase-space cell through
the test-particle method, and in the thermodynamic limit
they can be expressed as the Fermi-Dirac distributions,
i.e.,
fi =
1
1 + eβ(Ei−µ˜i)
, (A.4)
f¯i =
1
1 + eβ(Ei+µ˜i)
, (A.5)
where β = 1/T represents the temperature, and the ef-
fective chemical potential µ˜i is defined as
µ˜i = µi − 2
3
GV ρ
0. (A.6)
The 4-component net quark number density of the flavor
i can be calculated from fi and f¯i via
ρνi = 2Nc
∫ Λ
0
(fi − f¯i) p
ν
i
Ei
d3p
(2π)3
, (A.7)
with ρν = ρνu + ρ
ν
d + ρ
ν
s being the total number density.
The time component (ν = 0) of the above density is the
net quark number density, while the space component
(ν = 1, 2, 3) is the net quark flux density. As seen from
Eq. (A.2), the scalar mean-field potential is generated
from the quark condensate. The space and time compo-
nents of the vector mean-field potential are ∓ 23GV ~ρ and
± 23GV ρ0 terms in Eq. (A.1), respectively.
From the mean-field approximation and some algebras
based on the finite-temperature field theory, the ther-
modynamic potential ΩNJL of static quark matter at fi-
nite temperature and quark chemical potential can be
expressed as
ΩNJL = −2Nc
∑
i=u,d,s
∫ Λ
0
d3p
(2π)3
[Ei + T ln(1 + e
−β(Ei−µ˜i))
+ T ln(1 + e−β(Ei+µ˜i))] +GS(σ
2
u + σ
2
d + σ
2
s )
− 4Kσuσdσs − 1
3
GV ρ
02. (A.8)
The energy density εNJL from the NJL model can be
written as
εNJL = −2Nc
∑
i=u,d,s
∫ Λ
0
d3p
(2π)3
Ei(1 − fi − f¯i)
−
∑
i=u,d,s
(µ˜i − µi)ρ0 +GS(σ2u + σ2d + σ2s )
− 4Kσuσdσs − 1
3
GV ρ
02 − ε0, (A.9)
where ε0 is introduced to ensure εNJL = 0 in vacuum.
For a given net quark number density ρ0 and temper-
ature T , the energy density ǫNJL of quark matter can
be obtained from Eq. (A.9) by solving self-consistently
Eqs. (A.2)−(A.7). In the partonic phase described by
the NJL transport model, by assuming that the central
region is static and in thermal equilibrium, we can calcu-
late the temperature T inversely from the energy density
ǫNJL and the net quark number density ρ
0. In this way,
we can obtain a trajectory in the (ρ0, T ) plane for the
central region of the partonic phase in relativistic heavy-
ion collisions, and this is shown in Fig. 7 for midcentral
Au+Au collisions at
√
sNN = 7.7 and 39 GeV, where
the pressure P = −ΩNJL in the (ρ0, T ) plane is also dis-
played. Due to the different NJL parameterizations and
collision energies in the present study compared to that
in Ref. [17], neither of the trajectories enters the spinodal
region, i.e., (∂P/∂ρ0)T < 0, as marked approximately in
Fig. 7. This means that the central region in the partonic
phase doesn’t pass through a first-order liquid-gas phase
transition in this study. The EoS from RV = 1.1 is even
stiffer, and the spinodal region disappears [17].
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FIG. 7: (Color online) Equation of state in the [number den-
sity (ρ0), temperature (T )] plane of the partonic phase from
the NJL model with RV = 0, and the corresponding tra-
jectories of the central region of the partonic phase in mid-
central Au+Au collisions at
√
sNN = 7.7 and 39 GeV based
on the extended AMPT model. The spinodal region with
(∂P/∂ρ0)T < 0 is also approximately marked.
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